Methane oxidizing bacteria appear to be widely distributed in soil and also in marine mud. Hutton and ZoBell (1949) found methane oxidizers in 72 per cent of 299 one-gram samples of surface soil and marine mud, where they are believed to play an important part in the conservation of carbon by converting methane into carbon dioxide and organic matter in the form of bacterial cell substance. Such bacteria also may play a role in the transformation of nitrogen compounds. This paper is concerned primarily with presenting evidence that ammonia is oxidized to nitrite by certain methane oxidizing bacteria.
MEDIA AND METHODS
The organisms were cultivated in a medium consisting of 0.1 per cent NH4CI, 0.05 per cent K2HPO4, 0.01 per cent CaCO3, and 0.01 per cent MgSO4.7H20 in distilled water. In some experiments other substances were tried as the nitrogen source. The medium was dispensed in two stoppered 180 ml bottles connected with a siphon. One bottle was provided with a stopcock to permit the introduction of approximately 160 ml of the gas mixture over 20 ml of the liquid medium. The other bottle, the reservoir, was filled with medium exposed to the outside atmosphere through a cotton plug. Thus, as gas was consumed by the bacteria in the culture bottle, liquid medium was siphoned over from the reservoir bottle. Both bottles were calibrated with graduated scales to provide for reading to the nearest 0.5 ml volumes, which were corrected for pressure and temperature. Aseptic precautions were exercised in all manipulations. (Rakestraw, 1936) . Brucine reagent was used to test for nitrate after nitrite had been removed by boiling the acidified samples with urea solution. Ammonia was estimated by Nessler's reagent. Gas analyses were made by the method of Matuszak (1934) . Some gas samples were examined by mass spectrometer through the courtesy of cooperating laboratories.
By plating procedures pure cultures were isolated from enrichment cultures prepared by five or six serial transfers to the mineral salts medium with methane serving as the sole source of energy. Discrete colonies were picked from the mineral salts medium solidified with 2 per cent washed agar. The agar plates were incubated in jars filled with a gas mixture consisting of 10 per cent carbon dioxide, 40 per cent methane, and 50 per cent oxygen.
DESCRIPTION OF THE BACTERIA
The colonies of the bacteria were 0.1 to 5 mm in diameter; all were circular, convex, colorless, and pearly in appearance. The cells were gram negative, nonsporeforming rods ranging in size from 0.6 to 1.0 by 2.0 to 3.4 , and usually lacked flagella although the cells of some cultures possessed a single polar flagellum. They were able to develop in media when supplied with a mixture of methane, oxygen, and carbon dioxide. In contrast to the membranous growth characteristic of Methanomonas methanica (Breed et al., 1948) , most of our cultures of methane oxidizers produced a fairly heavy turbidity in liquid mineral media with no membrane formation.
Unlike the methane oxidizers studied by Miinz (1915) , which were claimed to grow heterotrophically, none of our pure cultures 216 on October 19, 2017 by guest http://jb.asm.org/ Downloaded from NITRITE FROM AMMONIA BY METHANE BACTERIA isolated from a medium in which methane had served as the sole source of energy was able to develop in similar medium enriched with peptone in the absence of methane. Likewise neither acetate, lactate, glutamate, glycerol, glucose, lactose, sucrose, starch, nor asparagine served as a sole source of energy for our methane oxidizers. None of these substances in concentrations of 0.1 per cent in mineral media inhibited methane consumption by our cultures, contrary to the report of Aiyer (1920) that after contact with organic matter such organisms lose all power of oxidizing methane. In fact, some of these substances seemed to stimulate the activity of pure cultures, but in crude cultures contaminating heterotrophs generally overgrew the methane oxidizers. The stimulating effect of 5 ug per L of thiamin, pyridoxine, riboflavin, and nicotinamide was especially notable when starting with small inocula of pure cultures.
Part of the cultures oxidized ethane, ethylene, and propane as readily as methane. A few oxidized butane more readily than any other gaseous hydrocarbons, but others failed to attack any hydrocarbon tested except methane. Whether these are constitutive differences in varieties or species or superficial differences attributable to adaptive enzymes or environmental conditions remains to be determined. Slavnina (1948) described a methane oxidizer that utilized both ethane and propane, and the one described by Tausz and Donath (1930) allegedly assimilated all saturated aliphatic hydrocarbons from methane to decane. Neither ethane nor ethylene was utilized by the methane oxidizer of Miinz (1915) . Virtually all kinds of hydrocarbons are susceptible to microbial attack (ZoBell, 1946 (ZoBell, , 1950 Several, but not all, pure cultures tested were found to produce appreciable quantities of nitrite in media enriched with ammonium salts. Nitrite was detected only in those cultures that were developing in ammoniacal medium or in media to which nitrite had been added intentionally. Thus, the possibilities were ruled out that nitrite was introduced with the inocula or that it had some other extraneous origin. Although nitrate was utilized by the methane oxidizers almost as readily as ammonia, no nitrite could be detected in nitrate cultures.
More difficult to rule out was the possible involvement of Nitrobacterieae which are often found associated with methane oxidizers in nature. Cultures of methane oxidizers that oxidized methane to nitrite were subjected to rigorous purification procedures in an attempt to eliminate contaminants of any kind. Discrete colonies that developed on mineral salts agar enriched with nitrate as the sole source of nitrogen in an atmosphere of 10 per cent C02, 40 per cent CH4, and 50 per cent 02 were picked and transferred from plate to plate five successive times. Each set of plates was examined for contaminants, and representative colonies of methane oxidizers were picked for microscopic examination. Only methane oxidizers having similar morphological and colonial characteristics appeared on the agar plates.
When inoculated into Winogradsky's medium for the cultivation of Nitrosomonas (Boltjes, 1935), none of the purified cultures exhibited any activity during six weeks' incubation at 30 C in an atmosphere of either air or a mixture of 90 per cent air with 10 per cent CO2. However, in an atmosphere of methane, oxygen, and C02, the cultures became turbid, consumed gas, and produced nitrite (table 2) .
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